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ABSTRACT 

We extract the spectra of the fastest variabihty (above 10 Hz) from the black hole 
XTE J1550-564 during a transition from hard to soft state on the rise to outburst. 
We confirm previous results that the rapid variability contains no significant disc 
component despite this being strongly present in the total spectrum of the softer 
observations. We model ionised refiection significantly better than previous work, and 
show that this is also suppressed in the rapid variability spectrum compared to the 
total emission. This is consistent with the fast variability having its origin in a hot 
inner fiow close to the black hole rather than in the accretion disc or in a corona 
above it. However, the rapid variability spectrum is not simply the same as the total 
Comptonised emission. It is always significantly harder, by an amount which increases 
as the spectrum softens during the outburst. This adds to evidence from time lags that 
the Comptonisation region is inhomogeneous, with harder spectra produced closest to 
the black hole, the same region which produces the fastest variability. 

Key words: Accretion, accretion discs - X-rays: binaries - X-rays: individual (XTE 
J1550-564) 



1 INTRODUCTION 

Spectral modelling is a powerful tool in understanding the 
physics of astrophysical sources including accreting black 
holes. By assigning observed/modelled spectral components 
to physical regions of the accretion flow we can learn about 
its geometry and how it changes as a response to changes in 
accretion rate. 

The most popular physically motivated model for the 
X-ray spectra of accreting black holes is the combination of 
an accretion disc modelled as a multi-temperature black- 
body and an inner hot flow and/or a corona above the 
disc, with hot electrons up-scattering the disc photons giv- 
ing rise to a Comptonized component. Many spectra of 
black holes, especially in the soft/high to very high states, 
also require the presence of reflection of the Comptonized 
photons off some cooler material, presumably the accretion 
disc, and various lines, mostly from reflection and absorp- 
tion from iron or other heavy elements. Such models of 
disc+Comptonization+reflection(+lines), modified by line- 
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of-sight absorption, have been shown to rather successfully 
describe the spectra from black holes in a variety of spectral 
states at a range of accretion rates (for a review of spectra 
of black holes see Done, Gierlinski Kubota|2007 ). 

In reality, however, inadequate models for the disc 
and reflection combined with poorly known parameters for 
Comptonization often make these components rather hard 
to separate, and spectral modelling therefore inherently suf- 
fers from degeneracy. In addition, more realistic modelling 
of the increasing amount of high quality data often require 
more complexity than the 'basic' components. Especially for 
more complex models, a unique decomposition of the emis- 
sion components may not be possible with spectral analysis 
alone, as there are many combinations which match a given 
observed spectrum. 

Information about the accretion geometry may also be 
gleaned from analysis of temporal variability. The X-ray 
emission from black hole binaries is variable on timescales 
from milliseconds to days. While the slower variations can be 
directly coupled to changes in the accretion rate, the source 
of rapid variability is more uncertain. Like the case with ra- 
diation spectra, there are likely several components to the 
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variability. The broad band variability is commonly studied 
through the power density spectrum (PDS). For black holes 
in the low/hard to intermediate (including so called very 
high) states the PDS can typically be well-described by a 
combination of Lorentzian components (Belloni, Psaltis & 
van der Klis 2002) in the range 0.01 - 100 Hz, while the PDS 
during transitions into soft, strongly disc-dominated states 
is more variable and not easily decomposed. In addition to 
broad band variability, many sources display quasi-periodic 
oscillations (QPOs), varying both with the spectral state of 
the source as well as the energy band being studied. 

In this paper, we use the technique of frequency resolved 
spectroscopy (Revnivtsev, Gilfanov & Churazov 1999) to de- 
rive the (rms) energy spectrum of the variability. The signif- 
icance of the rms energy spectrum is that it describes the en- 
ergy spectrum of the process responsible for the variability, 
assuming the variability is generated by fluctuations in the 
normalization of a separate spectral component. The energy 
spectrum of the fast variability can then be directly com- 
pared to the continuum energy spectrum and help to con- 
strain the observed components (e.g., Churazov, Gilfanov & 
Revnivtsev 2001; Revnivtsev & Gilfanov 2006; Sobolewska 
& Zycki 2006). 



2 XTE J1550-564 

The transient black hole binary XTE J 1550-564 was dis- 
covered on 1998 Septem ber 7 by the RXTE All-Sky Mon- 
itor (ASM; | Smith||1998l ) and the CGRO Burst and Tran- 
sient Source Experiment (BATSE; [Wilson et al.|1998 ). This 
source has showed four subsequent outbursts since its dis- 
covery, but the first outburst remains the brightest and 
best covered by RXTE pointing observations. The data 
span nearly three decades in X-ray luminosity, capturing 
the source in each of the canonical states typically associ- 
ated with black hole binaries. The broad band spectrum of 
XTE J1550-564 has previously been modelled by several au- 
thors (e.g., Sobczak et al.||1999 Tomsick, Corbel & Kaaret 



frequency in response to changes in the radiation spectrum, 
coupled to variations in the accretion rate and geometry. In 
some observations a second low frequency feature appears 
with harmonic content. Such a feature has also been seen in 



2001 Gierlihski &: Done|2003 ) including the data used here 
The variability of XTE J1550-564 is similar to that of 
other black hole binaries, and changes with the accretion 
rate. The power density spectrum in the low/hard state is 
characterized by strong aperiodic noise. The total fractional 
variability is high, up to ^ 30%. The continuum of the power 
spectrum can usually be approximated as a broken power 
law with a flat power spectrum (in fPf) between a low and 
high frequency break, decreases at frequencies above and 
below these. The PDS evolves during the rising part of an 
outburst, with the low frequency break moving to higher fre- 
quencies, with much less change at high frequencies (Psaltis, 
Belloni & van der Klis 1999; Gierlinski, Nikolajuk & Czerny 
2008). As the source enters a high/soft state, the power spec- 
trum changes drastically, losing the low frequency break (see 
for example Remillar d et al^ |1999). The amplitude of vari- 
ability also decreases dramatically, but this is due to the 
increasing dominance of the stable disc component in the 
spectrum (Churazov et al. 2001). 

XTE J 1550-564 also exhibits transient high-frequency 
quasi-periodic oscillations (HFQPOs) as well as a stronger 
and more common low- frequency QPO (LFQPO; Cui et al. 
1999 Remillard et al. 2002). The latter is seen to vary in 



other black hole transient systems, e.g. GX 339-4 (Belloni 
et al.||2005t . 



3 DATA ANALYSIS 

In this study we use archival data of XTE J 1550-564 from 
the Proportional Counter Array (PGA; Jahoda et al.||1996 ) 
instrument onboard the RXTE satellite. The observations 
are made in the time period 1998-09-09 to 1998-09-16 (MJD 
51065 to 51072) and cover the rise of the strong initial flare 
of the 1998 outburst (see Smith 1998, for more details on 
this outburst). We extracted Standard2 spectra for each ob- 
servation applying standard selection criteria. A systematic 
error of 1 per cent was added to each bin in the spectra. This 
dominates over the statistical uncertainties, but we still use 
the standard Ax^ — 2.7 to determine error ranges. The en- 
ergy band used in the spectral modelling was 3-20 keV. 



3.1 Spectral model 

The data were fit in xspec using a spectral model compris- 
ing a disc blackbody, thermal Comptonization and Compton 
reflection. The disc component was modelled using diskbb, 
where the main parameter is the maximum temperature Tbb- 
As our data only cover energies above 3 keV, far above the 
peak of the disc component, the disc temperature is poorly 
constrained so while we allow this to be free in the fits, we 
have to freeze it at the best-fit value when calculating the 
error ranges for the other parameters. 

For Comptonization we use the model nthcqmp 



(Zdziarski, Johnson & Magdziarz 1996 Zycki, Done & Smith 
1999), parametrized by the asymptotic spectral index F, the 
seed photon temperature To and the electron temperature 
kTe. We set To = Tbb as can be expected if the seed pho- 
tons are the photons from the disc. As it can be expected 
that the seed photons come from the inner edge of the disc, 
we choose a blackbody (rather than a disc spectrum) as the 
input type. 

For Compton reflection we use rfxconv. This is a con- 
volution model that combines the reflected spectra of Ross 
& Fabian (2005) from a constant density ionized disc, with 
the IREFLECT convolution variant of the pexriv Compton 
reflection code by Magdziarski & Zdziarski (1995). The ta- 
ble models calculate the reflected spectrum and iron line 
from an X-ray illuminated slab including Compton up- and 
down-scattering below 12 keV but use a fixed spectral form 
(exponentially cutoff power law). By contrast, the ireflect 
model is a full convolution model for any continuum shape 
but neglects Compton scattering below 12 keV, has very 
approximate ionisation balance and does not include the 
self-consistent iron line emission. The combination of these 
models into the new rfxconv model thus allows us to model 
a physically much more correct reflection spectrum for the 
whole PGA energy range including a self-consistently cal- 
culated iron line. The RFXCONV model was demonstrated 
and briefly described in |Kohlemainen, Done Diaz Trigo] 
( 2011| and is an updated version of the model first described 
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Figure 1. Fit to PC A data for spectrum 30188-06-01-00 with residuals, showing the results when using different models for the reflection. 
The dashed and dotted lines show the contribution from thermal Comptonization and Compton reflection, respectively. The models shown 
here are ireflect+diskline (left panel; dash-dot line shows the line component), rfxconv (middle) and rfxconv+GABS (right panel). 
Although all flts are statistically very good (x^/dof < 0.5), the residuals clearly show that the region around the Ka iron line is not 
always well modelled. In this paper we use RFXCONV+GABS, which provides the best model to the data. 



in Done & Gierlinski (2006). The main parameters are the 
relative amplitude of the reflected component, the in- 
clination and the ionization parameter of the reprocessing 
matter, ^. 

We include photoelectric absorption, keeping the value 
of the column density frozen at A^h = 0.6 x 10^^ cm~^ follow- 



ing the modelling in Gierlinski & Done ( 20Q3| . We also find 
that in all the data sets our fits are significantly improved 
by the addition of a narrow absorption line at ^ 6.8 keV. 
Observations of similar strong absorption lines have been 
reported in several high inclination Galactic binary systems 
and are believed to represent iron K resonance at 6.7 and 7.0 
keV from outfiowing material (e.g., Ueda et al. 1998; Kotani 
et al. 2000; Lee et al. 2002; Ueda et al. 2004). Due to the 
limited resolution of the PGA data, we model the absorption 
line as a gaussian of fixed (0.1 keV) intrinsic width. With the 
use of the rfxconv model plus the absorption line our fits 
show virtually no residuals in the complex iron line region. 
Fig. [l] shows an example fit to one of the studied spectra 
using RFXCONV+GABS in comparison to the same data fit 
with only RFXCONV and with IREFLECT+DISKLINE. 



3.2 Fourier Spectroscopy 

To compare the total spectrum to that of the rapid vari- 
ability, we also performed frequency-resolved spectroscopy 

Following the approach of 



(Revnivtsev et al. 



1999 



2001 



Revnivtsev et al. (1999), we extracted a light curve for each 
available channel and constructed a power density spectrum. 
By integrating the PDS over the frequency range of interest, 
we determined the relative contribution for each channel, 
and combined these to make an energy spectrum of the rapid 
variability. Throughout our observations, a strong QPO was 
present at < 4 Hz, and a feature of harmonic content was 
seen in many observations as well, as reported earlier by|Gui| 



et al. (1999) and Remillard et al. (2002), among others. In 



order to avoid contamination from either the QPO or the 
harmonic, we chose the frequency range 10-50 Hz. As in 
the case of the Standard2 spectra, we added a 1 per cent 
systematic error. 

Using the same technique, we also extracted the energy 



spectrum of the QPO. To obtain its contribution in each 
energy band, we fit the QPO feature in the PDS using a 
Lor entzian function, and integr ate over this component (see 
also Sobolewska &: Zycki[2006). This gives a more accurate 



measure of its contribution than simply integrating the PDS 
over the energy range where the QPO dominates. 



4 RESULTS 

4.1 The total PC A spectra 

In the first step, we fit the PGA Standard2 spec- 
tra with our model TABS X GABS X (DISKBB+NTHCOMP+ 
NTHCOMP X rfxconv) . For all spectra we find a very good fit, 
with x^/dof < 0.3 showing that the systematic error of 1% 
dominates the statistical errors. The residuals clearly show 
that our improved model for the refiection matches the data 
very well. In particular, we note that our use of rfxconv 
plus the absorption line enables us to make an good fit in 
the difficult region around the iron line, something which 
has proven difficult using earlier available models (e.g. Done 
& Kubota 2006). 

Despite the limited bandwidth at low energies of the 
PGA, our model gives very reasonable, although not very 
well constrained, disc temperatures in the range of 0.5-0.7 
keV, typical for intermediate/very high states. We note that 
the reason we are able to constrain the disc temperature 
at all is that we are using it as the seed photon tempera- 
ture. Ghanging the disc temperature thereby affects also the 
Gomptonized component of the spectrum. The asymptotic 
spectral index F increases from 1.8 in the hardest states 
to 2.4 in the softest. The electron temperature in our fits, 
9-15 keV, is significantly lower than expected for the hard 
spectral states, where more typical temperatures are around 
100 keV (e.g. Ibragimov et al. 2005; Torii et al. 2011). How- 
ever, complex spectra with lower rollover temperatures are 
seen during transitions (Gierlinski & Done 2003). Glearly, 



data extending to higher energies are required to constrain 
the electron temperature (as well as any possible existence 
of non-thermal Gomptonization, which is not considered in 
our model. 
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Figure 2. Example spectra (data and model components) from 
XTE J 1550-564. The solid black spectrum shows a fit to the to- 
tal continuum 3-20 keV PCA spectrum. The black dashed lines 
represent the Comptonized component, the dotted line the reflec- 
tion and the dot-dashed line the disc blackbody, only required 
in the softer states (lower panel). The lower-normalization red 
spectrum shows a flt to the spectrum of the fast variability. This 
spectrum requires less reflection and does not require any thermal 
(blackbody) component. 

Reflection is significantly detected in all spectra, with 
solid angle between 0.4 and 0.7, increasing with F as ex- 
pected as the disc reaches further into the hot flow in the 
softer states (Revnivtsev et al. 2001). The ionization param- 
eter of the reflector is rather high, around log^ = 2.8, and 
subsequently the peak of the iron line complex falls around 
6.7 keV. The absorption line energy varies between 6.8 and 
7.0 keV, consistent with resonant iron K resonance energies 
for this low-resolution data. 



4.2 The spectrum of the variability 

We now add the spectra of the rapid variability to the fit. 
We initially keep all parameters for both spectra frozen to 
the best-fit values found for the PCA data alone, with the 
exception of the normalizations of the disc blackbody and 
the Comptonized component as well as the amplitude of re- 
flection, which we allow to vary between the continuum and 
variability spectra. In the harder observations, this allows for 
an adequate fit also to the rms spectrum. However, as the 



spectrum evolves and become softer, it is no longer possible 
to find a good fit. We therefore allow also the asymptotic 
spectral index F to be different in the rms spectrum. This 
allows us to find good fits to all datasets. Table [l] shows the 
resulting parameter values. A decomposition of the fits to 
two of the datasets, ObsIDs 30188-06-01-02 and 30188-06- 
09-00, showing the spectral components is plotted in Fig. [2] 
The most obvious difference between the continuum and 
the spectrum of the fast variability is in the strength of the 
blackbody and the reflection component. While the contin- 
uum spectra in all but the hardest states require a rather 
strong blackbody component, the data require that the nor- 
malization of this component is set to zero in the variability 
spectrum. The same is true for Compton reflection, which 
varies between 0.4 and 0.7 for the continuum, but is lower 
than 0.3 for all the spectra of the fast variability and in 
the cases with harder spectra consistent with zero reflection. 
(The ionization level of the reflector cannot be constrained 
for the low levels of reflection in the fast variability spec- 
trum.) There are thus no signs of a disc in the spectrum of 
the fast variability, either from its direct or reflected emis- 
sion. 

Further, we note that F in all cases is harder in the 
rms spectrum than in the corresponding continuum spec- 
trum. This shows that the fast variability has its origin in a 
separate Comptonization region where the plasma is more 
photon starved than for the overall Comptonization in the 
source. We note that we keep the electron temperature of 
the fast variability component frozen to the value for the 
continuum for simplicity since the fast variability spectrum 
is even more poorly constrained at higher energies than the 
continuum PCA data. To examine possible differences in the 
electron temperature or distribution between the origin of 
the fast varaibility and the continuum, both higher energy 
data and a more physical spectral model is required. How- 
ever, our results already clearly show that the Comptoniza- 
tion region itself is inhomogenous. The rms spectra enable 
us to separate out the region where the fastest variability 
arises, and this region clearly sees less seed photons than 
the flow as a whole to produce its harder spectrum. 

The differences between the rms and continuum spectra 
are highlighted in Fig. |3] The figure contrasts the behaviour 
of the disc blackbody, reflection and spectral index of the 
two spectra. As the rms spectra do not require any black- 
body component, the upper limits are plotted against the 
strength of the blackbody as would be expected if simply 
scaling down the continuum spectrum (left panel of Fig.|3|. 
When the continuum spectrum is hard, the disc blackbody 
is not significantly detected in the time averaged spectrum 
so we do not plot these points as they give no constraints. 
However, in the softer states when the disc component be- 
comes more dominant, the upper limits from the rms spectra 
clearly rule out any correspondingly strong blackbody in the 
rms spectra. The two other panels in Fig. [3] directly compare 
the strength of reflection (middle panel) and spectral index 
(right panel) derived from the fits. 

Another striking result from our analysis is the apparent 
stability of the variability spectrum, despite the fact that the 
source changes state as evidenced by the large differences in 
the Standard2 spectra. While the Standard2 spectra change 
considerably with the spectral index F varying between 1.77 
and 2.40, the shape of the variability spectrum varies be- 
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Table 1. Fit results for the model tbabsxgabsx (diskbb+nthcomp+nthcompxrfxconv). Errors indicate 90% confidence intervals. 
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Figure 3. Comparison of disc blackbody (left panel), amount of reflection (middle panel) and spectral index T (right panel) between 
the continuum and variability spectra. In all panels, the dashed line shows where the two are equal. As the rms spectra do not require 
any blackbody component, the left panel shows upper limits plotted against the strength of the blackbody that would be expected if 
simply scaling down the continuum spectrum to the level of the rms spectrum. 



tween 1.66 and 2.15. This is clearly illustrated in Fig. [4] 
where we show Standard2 spectra from the whole time inter- 
val (upper panel) and the corresponding variability spectra 
(lower panel). The rms spectrum is thus less sensitive to 
a changing accretion rate and to a changing influx of soft 
photons. 



4.3 Relation between fast variability and QPO 



Previous studies have looked at the spectrum of the QPO 



in both XT E J1550-564 and other sources (Sobolewska & 
Zycki||2006 ). In order to compare the rms spectrum to that 
of the QPO, we have extracted the spectrum of the latter 
as described in Sect. |3.2| In Fig. |5] we show a spectral fit 
to the PC A spectrum (left column), the PDS from the ob- 
servation (middle column), and the energy spectrum of the 
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Figure 4. Sample of PCA (upper panel) and rms (lower panel) 
spectra used in this study. Although the PCA spectrum changes 
considerably, the spectrum of the rapid variability show much less 
alteration. 



rapid variability (right column) . The two rows correspond to 
ObsIDs 30188-06-01-02 (top) and 30188-06-08-00 (bottom), 
respectively. The right column also shows the spectrum of 
the QPO. 

It is clear that the QPO spectrum is quite similar to 
that of the rapid variability (see also the neutron star spectra 
in Revnivtsev et al 2006). This would be expected if both 
originate in a common physical region. There is perhaps a 
hint that the variability spectra turn down more sharply 
towards lower energies, but our data do not allow us to test 
whether this is a real effect. We note that the close similarity 
between the spectra ensures that any possible contribution 
from the QPO, despite our conservative limit of 10 Hz, does 
not affect the shape of the rapid variability spectra. 

The rms spectra of the QPO were modelled in detail 
by Sobolewska & Zycki (2006). In contrast to the approach 
here, they used reflection models to fit the shape of these 
spectra. However, our more sophisticated reflection mod- 
els clearly show that there is very little reflection in the 
fast variability spectra, hence it seems likely that the QPO 
rms spectra are similarly from Comptonized emission rather 
than reflection. 



5 DISCUSSION 

It has long been clear that the accretion flow is inhomoge- 
neous, with components from a disc and corona. However, 
our results point to inhomogeneity also within the coronal 
emission itself, with different Comptonization spectra pro- 



duced in different regions of the flow (see also Revnivtsev et 
al][l999l [Veledina et al. [20121 . 



This is particularly evident in the softer observations. 
The time averaged spectra clearly show strong reflection and 
a strong disc component in addition to the Comptonization 
continuum. The fast variability spectrum lacks the reflection 
and direct disc emission, showing that the variability arises 
in a region of the corona where the disc subtends a small 
solid angle. However, the fast variability spectrum is not sim- 
ply that of the time averaged Comptonization spectrum, as 
would be expected if the corona was homogeneous. Instead, 
the fast variablity spectrum is harder than the time aver- 
aged Comptonization continuum. The variable part of the 
spectrum thus does not represent the whole Comptonized re- 
gion, only a part of it, and the Comptonized component we 
see in the time averaged spectrum cannot represent one uni- 
form region but rather a superposition of at least two regions 
(one variable at high frequencies and one not). The differ- 
ent hardness and absence of reflection points to the variable 
part being physically separated from the other Comptonized 
region/regions (see also Yamada et al. 2013). 

This has an obvious geometric interpretation in the 
truncated disc/hot inner flow picture where the inner region 
of the flow intercepts fewer seed photons from the disc (thus 
has a harder spectrum) than the outer regions which are 
closer, or even over the disc. In Fig. [6] we sketch a picture of 
our preferred geometry and origin of the fast variability (see 
also Yamada et al. 2013). This framework also explains the 
observed hard time lags seen in black hole binary systems 



(see, e.g., [Miyamoto Kitamoto 1989). If the variability 
arises in the outer (softer) regions of the flow, and prop- 
agates inwards where the hard emission is produced, such 
lags are naturally produced ( |Kotov et al.||200l| [Arevalo fc| 
Uttley|[2006J . We note that these lags will introduce deco- 
herence, and so suppress variability on the timescale of the 
lag (Focke, Wai & Swank 2005). However, 'Cui, Zhang"^ 
Chen {2000| show that the time lags in XTE J1550-564 are 
below a few milliseconds at frequencies above 10 Hz so this 
effect will be small. 

The differences between continuum and fast variabil- 
ity rms spectra are not as great in the harder observations. 
However, better signal-to-noise observations of Cyg X-1 re- 



veals similar behaviour in the hard states also (Revnivtsev 



et al. 1999). Since the time lags are also present in these 
states (see, e.g., [Miyamoto Kit amoto||1989[ Torii et al 



2011) then the flow geometry is likely inhomogeneous here 



as well. 

In the geometry of Fig. |6] the rapid variability is con- 
nected to a separate component, giving a straightforward in- 
terpretation of our results. However, this may not be unique. 
There is an alternative model involving spectral evolution of 
a single, homogeneous source (a magnetic flare whose Comp- 
tonized spectrum evolves from soft to hard as the flare rises 
above the disc) which also produces the observed time lag 
behaviour Poutanen & Fabian ( 1999| ). Clearly in this sce- 
nario the fast variability spectrum does not imply a sepa- 
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Energy [keV] Frequency [Hz] Energy [keV] 

Figure 5. Fit of PC A spectra to our model (left panels), the PDS of the observation (middle panels) and spectra of rapid variability and 
QPO (right panels) for the observations 30188-06-01-02 (upper row) and 30188-06-08-00 (bottom row). The vertical line in the middle 
panels show the 10 Hz lower boundary for the rapid variability spectra. 



rate component. However, we note that this specific model 
does not appear to match all aspects of the data. While 
they do not explicitly show an rms spectrum, it is clear that 
the model leads to spectral pivoting around 10-15 keV for 
their model parameters (a hard state), so there should be a 
minimum in the variability spectrum at this energy (as also 
shown by the power spectrum at 27 keV having less high 
frequency variability that that at 3 keV: figure 2a of Pouta^ 
nen & Fabian 1999). By contrast our data show that this 



is not the case, rather, we see a peak in variability in this 
energy band. 



5.1 Spectral evolution 

Our interpretation of an inhomogeneous geometry is also 
consistent with the observed long term spectral evolution 
seen in the data. The source starts in the low/hard state, 
where the disc is truncated further from the black hole, then 
the spectra get softer and the direct disc and reflection com- 
ponents get stronger as the inner radius of the truncated disc 
moves in towards the black hole as the mass accretion rate 
increases. 

The variability spectra also show some spectral evolu- 
tion, but much less than seen in the time averaged spectra. 
The fast variability spectrum is thus less sensitive to the in- 
crease in seed photons than is the total spectrum. Assuming 
a spherical geometry for the hot inner flow, purely geomet- 
rical considerations reveal that the fraction of disc photons 
intercepted by the flow interior to the disc truncation radius 
does not depend on the radius of the sphere (as long as it 
tracks the evolution of the inner disc radius). Therefore, even 
if the total spectrum will change dramatically in response to 
variations in accretion geometry, the energy spectrum of the 
rapid variability - if connected to the hot innermost flow - 
will retain a more or less constant ratio between the power 



Soft x-rays Comptonized 
from disc hard X-rays 



Tilted inner flow gives 
rise to precession 



Compton reflected X-rays 




Region of rapid 
variability 



Overlap region 



Figure 6. Sketch of accretion geometry with different emission 
regions indicated. Our results indicate indicate that the region of 
rapid variability sees very few disc photons, indicating that it is 
far away from the disc and close to the black hole. 



supplied to the electrons and the power in the soft seed pho- 
tons throughout the evolution. 



5.2 Connection to the QPO 



Recently Ingram & Done (2011 2012) presented the first 



physical model for creating broad band variability and 
QPOs in the framework of the disc truncation scenario. They 
showed that propagating mass accretion rate fluctuations in 
the hot flow can match the broad band power spectral prop- 
erties seen. They also model the QPO as a vertical precession 
of the same inner part of the hot inner flow (see Fig.|6|. The 
fact that the QPO and rapid variability have very similar 
spectra support this picture as a vertical precession can only 
occur for regions inside the disc truncation radius. Thus the 
precessing region can only be interior to the disc truncation 
radius, so is associated with the same radii as produce the 
fastest variability. This predicts that the QPO spectrum also 
has little contribution from the disc and reflected emission. 
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We will test this directly in a future paper (Axelsson et al. 
2013). 



6 SUMMARY AND CONCLUSIONS 

We have modelled the energy spectrum of the fast variability 
(10-50 Hz) in the Galactic black hole binary XTE J1550-564 
and compared it to the time averaged PCA continuum. We 
find that the spectrum of the rapid variability differs from 
the time-averaged continuum in that it requires no thermal 
disc component, is significantly harder and shows much less 
or no Compton refiection. The spectrum of the fast vari- 
ability also shows less evolution of its spectral shape with 
increasing accretion rate than the time averaged continuum. 
We conclude that the rapid variability arises in a hot inner 
fiow close to the black hole, a region which does not inter- 
cept a large amount of seed photons from the disc. Thus it 
is not strongly affected by the increase of soft seed photons 
following a change in the geometry of the accretion fiow in 
the transition from a hard to a very high state. The region 
is likely to collapse once the source enters a classical soft 
state, with the inner disc radius reaching all the way in to 
the last stable orbit. 

The fact that the spectrum of the fast variability dif- 
fers from the continuum even after removing the blackbody 
and refiection components further suggests that the optically 
thin emission usually modelled as one single Comptonization 
component is likely a superposition of two or more compo- 
nents - one variable at high frequencies and one not. This 
shows the need for more complex models of the total spectra 
of black hole binaries in general. 
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